We photometrically observed the 2002 August long outburst of BF Ara. The observation for the first time unambiguously detected superhumps (average period 0.08797(1) d), qualifying BF Ara as a genuine SU UMa-type dwarf nova. An analysis of the longterm visual light curve yielded a mean supercycle length of 84.3(3) d. The characteristics of outbursts and superhumps more resemble those of usual SU UMa-type dwarf novae rather than those of ER UMa stars. BF Ara is thus confirmed to be the usual SU UMa-type dwarf nova with the shortest known supercycle length. There still remains an unfilled gap of distributions between ER UMa stars and usual SU UMa-type dwarf novae. We detected a zero period change of the superhumps, which is quite unexpected from our previous knowledge. This discovery implies that a previous interpretation requiring a lowṀ would be no longer valid, or that a different mechanism is responsible for BF Ara. We propose that the reduced (prograde) apsidal motion of the eccentric disk by pressure forces may be responsible for the unusual period change in BF Ara.
INTRODUCTION
ER UMa stars are still an enigmatic subgroup of SU UMa-type dwarf novae (for a review of dwarf novae and SU UMa-type dwarf novae, see Osaki (1996) and Warner (1995) , respectively). Although most of SU UMatype dwarf novae have supercycle lengths (Ts: the interval between successive superoutbursts) long than ∼100 d (cf. , ER UMa stars have extremely short Ts (19-50 d, for a review, see Kato et al. 1999) . Only five definite members have been discovered: ER UMa (Kato & Kunjaya 1995; Robertson et al. 1995; Misselt & Shafter 1995) ; V1159 Ori Patterson et al. 1995) ; RZ LMi ; DI UMa ; and IX Dra (Ishioka et al. 2001) .
From the theoretical standpoint, ER UMa stars pose difficult and interesting problems. The outburst mechanism of SU UMa-type dwarf novae is now widely believed to be a combination of thermal and tidal instabilities in the accretion disk (Osaki 1989) . A smooth extension of SU UMa-type dwarf novae toward higher mass-transfer rates (Ṁ ) seems to be a natural explanation of extremely short Ts in ER UMa stars (Osaki 1995a ). This explanation, however, requires a poorly understood mechanism to prematurely quench superoutbursts to reproduce the extremely short Ts (∼19 d) in RZ LMi (Osaki 1995b ).
The origin of the supposed high mass-transfer rates is also a mystery, since the mass-transfer is mainly driven by gravitational wave radiation in SU UMa-type dwarf novae, within the standard evolutionary framework of cataclysmic variables (CVs) (Rappaport et al. 1982 (Rappaport et al. , 1983 ; for recent reviews of CV evolution, see King 1988 King , 2000 .
Several attempts have been made to ascribe such a highṀ to a nova-induced enhancement of mass-transfer (originally discussed in in the context of "nova hibernation" scenario: Shara et al. 1986) . Recent model calculations, however, have not been successful to reproduce the supposed wideṀ diversity in short-period systems to which ER UMa stars belong (Kolb et al. 2001 ). An irradiation-induced, cyclic mass-transfer variation has been shown to be also less effective in short-period systems (King et al. 1995 (King et al. , 1996 McCormick 1998 , see also a general discussion in Patterson 1998) .
Most recently, several ideas have been proposed to explain the unusual outburst properties of ER UMa stars. Hellier (2001) proposed an idea to explain the ER UMa-type phenomenon by considering a decoupling between the thermal and tidal instabilities. Buat-Ménard et al. (2001) tried to explain the ER UMa-type phenomenon by introducing an inner truncation of the accretion disk and irradiation on the secondary star. These ideas either require a still poorly understood mechanism or an arbitrary parameter selection, which does not yet seem to reasonably reproduce observations (Buat-Ménard & Hameury 2002) .
From the observational side, the distribution of Ts seems to be discontinuous between ER UMa stars and usual SU UMa-type dwarf novae (c.f. Hellier 2001) . Furthermore, the distribution of the orbital periods (P orb ) or superhump periods (PSH) of ER UMa stars strongly concentrates in a short-period region (Ishioka et al. 2001) . These observational properties have raised the following central problems: (1) Do ER UMa stars and usual SU UMa stars comprise a continuous distribution of Ts? and (2) Are there long-P orb (or long-PSH) ER UMa stars? These fundamental questions have not been yet answered. The second question is particular important because the working hypotheses by Hellier (2001) and Buat-Ménard et al. (2001) either require a small binary mass-ratio (q = M2/M1) or a short orbital period, which would enable a weak tidal torque or a strong effect of irradiation, respectively.
From these motivations, a search for transitional objects between ER UMa stars and usual SU UMa-type stars, and long-P orb ER UMa stars has been undertaken. CI UMa (Ts ∼ 140 d) was once claimed to be a transitional object , but the pattern of its outbursts is much more irregular than those of ER UMa stars. A short Ts (89 d) system, V503 Cyg (Harvey et al. 1995) is also unusual in its infrequent normal outbursts.
1 Low-amplitude SU UMa-type dwarf nova, HS Vir, which has similar properties to ER UMa stars in its high frequency of normal outbursts , has recently confirmed to have a long (Ts = 186 or 371 d, ) supercycle, which is unlike those of ER UMa stars. Most recently, SS UMi (Ts = 84.7 d, Kato et al. 2000) has been shown to be the shortest Ts system having usual properties of SU UMa-type dwarf novae . A search for transitional objects or long-P orb ER UMa has been unsuccessful. BF Ara is a dwarf nova having a range of variability 13.6 -(16.0p and a tentative classification of an SS Cyg-type dwarf nova according to the 4-th edition of the General Catalogue of Variable Stars (Kholopov et al. 1985) . Bruch (1983) photometrically studied this object during an outburst, and recorded 0.25-mag variations which could be attributed to a superhump. However, because of the lack of a sufficiently long series of photometry and the lack of knowledge in the outburst properties, this object has been largely neglected in the past studies. In the most recent years, noticed the presence of a clear recurring periodicity of long outbursts (likely superoutbursts). From an analysis of the visual observations reported to the VSNET Collaboration, 2 proposed a mean supercycle length of 83.4 d, on the presumed assumption that BF Ara is an SU UMa-type dwarf nova. Since this supercycle length broke the shortest record among usual SU UMa-type dwarf novae, BF Ara has been regarded as a key object to study the borderline and the relation between usual SU UMa-type dwarf novae and ER UMa stars. The next important step has undoubtedly been an unambiguous detection of superhumps which authenticates BF Ara as a genuine SU UMa-type dwarf nova. We conducted a photometric campaign during a long outburst in 2002 August as an intensive project of the VSNET Collaboration .
OBSERVATIONS

CCD Observations
The observers, equipment and reduction software are summarized in Table 1 . All observers performed aperture photometry implemented in the packages listed in Table 1 . The observations used unfiltered CCD systems having a response close to Kron-Cousins Rc band for outbursting dwarf novae. The errors of single measurements are typically less than 0.01-0.03 mag. The magnitudes were determined relative to GSC 8347.944, whose constancy during the observation was confirmed by a comparison with GSC 2.2 S230002154022. The relative magnitudes by PN using the primary comparison star of GSC 8347.1475 have been converted to the common scale by adding a constant of −0.691 mag.
Barycentric corrections to the observed times were applied before the following analysis. 
Visual Observations
Visual observations were done with 32-cm (RS), 40-cm (AP), 32-cm (PN) and 32-cm (BM) reflectors. All observations were done using photoelectrically calibrated V -magnitude comparison stars. The typical error of visual estimates was 0.2 mag. The observations were used to determine the outburst cycle lengths and characteristics. CCD monitoring observation by TR (18-cm refractor and an unfiltered ST-7E) has been included in the analysis.
THE 2002 AUGUST SUPEROUTBURST
Course of Outburst
The 2002 August outburst was detected by RS on August 14.415 UT at a visual magnitude of 14.4. The object was reported to be fainter than 14.8 on August 13.491 UT. The object further brightened to a magnitude of 14.0 on August 16.478 UT. Because the outburst was apparently a long, bright outburst (likely superoutburst), we initiated a CCD photometric campaign through the VSNET Collaboration. From the August 18 observations by GB and PN, unmistakable superhumps were detected (vsnet-alert 7450) 3 , qualifying BF Ara as a genuine SU UMa-type dwarf nova (see section 3.2 for more details). The journal of the CCD observations is listed in Table 2 . Figure 1 shows the light curve of the outburst based on CCD photometry. The slowly fading (0.10 mag d −1 ) superoutburst plateau phase and a more rapidly fading phase on August 27 (BJD 2452514) are clearly demonstrated. The plateau phase lasted for 13 d since the start of the outburst. Nightly light curves are presented in Figure 2 , demonstrating the clear presence of superhumps. Figure 3 shows the result of a period analysis using Phase Dispersion Minimization (PDM : Stellingwerf 1978) applied to the data set covering the superoutburst plateau (2002 August 18-26) , after removing the linear decline trend. The best determined frequency of superhumps is 11.368(2) d −1 , corresponding to a mean superhump period of PSH = 0.08797(1) d. The significance of this period is better than 99.99%. Figure 4 shows the phase-averaged profile of superhumps at the period of 0.08797 d. The rapidly rising and slowly fading superhump profile is very characteristic of an SU UMa-type dwarf nova (Vogt 1980; Warner 1985) . 
Superhump Period
Superhump Period Change
We extracted the maximum times of superhumps from the light curve by eye. The averaged times of a few to several points close to the maxima were used as representatives of the maximum times. The errors of the maximum times are less than ∼0.002 d. The resultant superhump maxima are given in Table 3 . The values are given to 0.0001 d in order to avoid the loss of significant digits in a later analysis. The cycle count (E) is defined as the cycle number since BJD 2452504.990. The maximum at E = 46.5 likely corresponds to a secondary superhump maximum, which is sometimes observed around superhump phases at 0.4-0.6 (Udalski 1990; Kato et al. 1992) . The maxima at E = 101.5 and 102.5 correspond to late superhumps (Haefner et al. 1979; Vogt 1983; van der Woerd et al. 1988; Hessman et al. 1992) , which are known to have similar periods with ordinary superhumps, but have phases of ∼0.5 different from those of ordinary superhumps. Excluding the maxima of the likely secondary superhump and late superhumps, a linear regression to the observed superhump times gives the following ephemeris (the errors correspond to 1σ errors at E = 39): 
ASTROMETRY AND QUIESCENT IDENTIFICATION
The quiescent counterpart of BF Ara has been suggested by Vogt & Bateson (1982) . Since this field is very crowded, we have tried to make an unambiguous independent identification based on outburst CCD images. Astrometry of the outbursting BF Ara was performed on CCD images taken by GB and PN. 
BF ARA AS AN SU UMA-TYPE DWARF NOVA
Our observations have clearly established that BF Ara is indeed an SU UMa-type dwarf nova. This classification finally enables us to unambiguously determine the outburst types and supercycle length. Figure 7 shows a long-term light curve covering the interval 1997 June -2002 October. Table 4 lists the recorded outbursts of BF Ara. The table is an updated extension of the table in , who only listed superoutburst candidates which had been recorded at that time. The durations generally correspond to the durations when the variable was brighter than 15.0 mag. The durations of single or a few solitary observations have been supplemented with an uncertainty mark (:). The durations of outbursts have a clear bimodal (≤2 d or ≥7 d) distribution, which is very characteristic of an SU UMatype star (Vogt 1980; Warner 1985) . The type identification of the outbursts was primarily based on their durations.
Since the occurrence of superoutbursts is quite regular , we have made a reanalysis of the supercycle length based on the new material. A linear regression to the observed start times of supermaxima gives the following ephemeris:
where EO denotes the number of supercycles since the first (JD 2450626.9) superoutburst. The refined mean supercycle length is 84. Visual magnitude Figure 7 . Long-term visual light curve of BF Ara. The large and small dots represent positive and negative (upper limit) observations, respectively. The superoutbursts (see Table 4 ) are marked with the vertical ticks.
RELATION TO ER UMA STARS
In addition to short Ts, ER UMa stars have distinct outburst properties. They can be summarized as: (1) extremely short (∼4 d) recurrence time of normal outbursts, (2) extremely large (0.30-0.45) duty cycles of superoutbursts (see folded figures in Robertson et al. 1995; Kato 2001 ) (3) low outburst amplitudes (2-3 mag). These properties are the natural consequences from the disk-instability model in high-Ṁ systems (Osaki 1995a) . These properties can thus be reasonably used to discriminate ER UMa stars from (a larger population of) SU UMa-type dwarf novae. In the case of BF Ara, the shortest observed intervals (see Table 4 ) of normal outbursts was 6 d, although most of the shortest intervals are close to 10 d. These values more resemble those of usual SU UMa-type dwarf novae with the shortest recurrence times.
4 The durations of the wellobserved superoutbursts were typically 11-17 d (Table 4) . The detailed CCD observation of the 2002 August superoutburst (the duration being 13 d) is in agreement with these estimates. These values correspond to superoutburst duty cycles of 0.13-0.20, which are noticeably smaller than those of ER UMa stars.
Some properties of the superoutburst of BF Ara are also unlike those of ER UMa stars. The mean decline rate (0.10 mag d −1 ) of the superoutburst plateau (cf. section 3.1) is also close to those of usual SU UMa-type stars , rather than an extremely small value of ∼0.04 mag d −1 in ER UMa (Kato & Kunjaya 1995) . The evolution of superhumps (section 3.2) is also quite normal for a usual SU UMa-type dwarf nova with smoothly decaying amplitudes of superhumps, in contrast to ER UMa stars which show a rapid initial decay of the superhump amplitudes and a later regrowth .
These features indicate that BF Ara should be classified as a usual SU UMa-type dwarf nova rather than an ER UMa star. BF Ara is thus qualified as a usual SU UMa-type dwarf nova with the shortest measured Ts. Despite the past and present intensive studies of the most promising candidates of transitional objects, there still remains an unfilled gap of distributions between ER UMa stars and usual SU UMatype dwarf novae.
ON THE SUPERHUMP PERIOD CHANGE
The periods of "textbook" superhumps in usual SU UMatype dwarf novae are known to decrease at a rather common rate ofṖ /P ∼ −5 × 10 −5 during superoutbursts (e.g. Warner 1985; Patterson et al. 1993 ; for a recent progress, see . This decrease of the superhump periods has usually been attributed to a decrease in the angular velocity of precession of an eccentric disk, which is caused by a decrease in the disk radius during superoutbursts (Osaki 1985) .
In recent years, however, several systems have been found to show zero to positive (increase of the periods) period derivatives. The best-established examples include WZ Sge-type dwarf novae (SU UMa-type dwarf novae with very infrequent (super)outbursts, see e.g. Bailey 1979; Downes & Margon 1981; Patterson et al. 1981; O'Donoghue et al. 1991; and related largeamplitude systems (V1028 Cyg: Baba et al. 2000; SW UMa: Semeniuk et al. 1997; Nogami et al. 1998; WX Cet: Kato et al. 2001) . Since all of these objects have short orbital periods, small q, and smallṀ , there has been a suggestion that either q or lowṀ is responsible for the period increase Matsumoto et al, in preparation, see also Kato 2002) , having zero or marginally positive P dot , have more preferred the interpretation requiring a lowṀ . The present discovery of a virtually zeroṖ in a longperiod (PSH = 0.08797(1) d), otherwise relatively normal, system is therefore surprising. This discovery has not only strengthened the previously neglected diversity of P dot in long-period SU UMa-type systems claimed in , but also provides a new clue to understand the physics of superhump period changes.
Since BF Ara has short outburst recurrence times (both superoutbursts and normal outbursts),Ṁ is expected to high (Ichikawa & Osaki 1994) . By using typical supercycles of BF Ara (84.3 d) and V725 Aql (∼900 d), the expectedṀ in BF Ara is ∼10 times larger than that in V725 Aql (Ichikawa & Osaki 1994) . The occurrence of nearly zero P dot systems in a wide region ofṀ implies that the interpretation requiring a lowṀ would be no longer valid, or a different mechanism is responsible for BF Ara. Murray (2000) ; Montgomery (2001) recently suggested that the (prograde) apsidal motion of the eccentric disk can be reduced by introducing pressure forces. A highṀ in BF Ara may have modified the usual time-evolution of superhump period through this pressure effect. If this is the case, we can expect a more prominent effect in ER UMa stars, although a limited P dot measurement failed to allow us a definitive conclusion. Further observations of P dot in more systems with a wide range of parameters are definitely needed.
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